Abstract. Two production trials with piglets and one with slaughter pigs were carried out in order to investigate the effects of reducing the protein content in the diets followed by an addition of industrial amino acids on performance and health status.
Introduction
In Finland, as in many other countries, protein is both quantatively and pricewise a limiting factor in pig feed manufacture. Finnish domestic production of protein raw materials (rape, peas, beans, meat and bone meal etc.) cannot meet the demand and, therefore, substantial amounts of soybean (SBM) and fish meal have to be imported.
The protein supply of growing pigs is a question concerning the content of amino 673 JOURNAL OF AGRICULTURAL SCIENCE IN FINLAND acids in the diet. Appropriate amounts of essential amino acids have to be provided to achieve maximum protein utilization. According to Fuller et al. (1979) are lysine, threonine and histidine the first limiting amino acids in barley for growing pigs. When feeding barley and SBM, the most limiting amino acids are lysine, methionine and threonine (Madsen et al. 1987) . However, diets deficient in one or more amino acids can be supplemented with free or synthetic amino acids to achieve an optimum balance in the diets.
The pig cannot use surplus amino acids for lean production. Any surplus of absorbed amino acids will be oxidized. The carbon skeletons of the amino acids are included in the energy yielding metabolic pathways, while nitrogen, after transamination and deamination, is excreted from the body in the form of urea. To achieve maximum protein utilization, an "ideal protein'', as described by Cole (1980) , should be formed containing the exact amounts of essential amino acids to meet the requirements of the pig. The increased production and use of industrial amino acids makes this possible. However, there is not enough data regarding the amino acid requirements of growing pigs and bioavailability of protein-bound amino acids to apply this concept to practical feed formulation of today.
There is some inconsistency in the results reported from performance trials regarding the effect of adding industrial amino acids to diets for growing pigs (Eggum et al., 1985 a; 1985 b) . Supplementation of low protein piglet feeds with industrial amino acids resulted in satisfactory performance and amino acid balance equivalent to that of the corresponding high protein unsupplemented feeds (Rogerson and Campbell, 1982; Miller et al. 1986 b; Campbell, 1978) . However, when the crude protein content of the feeds was gradually decreased, other amino acids than the added ones become limiting, resulting in poorer performance (Nielsen et al., 1984; Gunther and Kruse, 1986; Eggum et al., 1985 a and 1985 b) .
The protein content and quality of piglet feeds can influence the health status of young pigs. Miller et al. (1986 a) showed that some proteins, due to their antigenicity, can induce immunological reactions in the small intestine of newly weaned piglets causing morphological changes in the gut wall. This immunemediated intestinal damage, referred to as the malabsorption syndrome, may predispose the pig to postweaning diarrhoea. By decreasing the protein content of creep and post weaning diets, the hypersensitivity response to the feeds can be reduced resulting in improved performance and health status (Bertschinger et al., 1986 , Miller et al. 1986 .
Soybeans contain relatively large amounts of raffinose, which is poorly hydrolyzed and absorbed in the small intestine of pigs. Consequently, on SBM based diets, relatively large amounts of this sugar will arrive in the large intestine, where it may have a laxative effect (Katz et al. 1973) . Furthermore, SBM has been shown to give similar effects regarding secretion/absorption balance in the small intestine of piglets as E. coli (Nabuurs and Hoogendoorn, 1985) . The factors involved are not clearly known. In conclusion, an improved health status of piglets following a reduced protein content of the feeds by reducing the inclusion rate of SBM may be consequent to reducing the amount of harmful factors in the feed rather than the protein content per se.
The purpose of the trials reported in this paper was to investigate the effects of adding industrial amino acids to piglet and pig feeds with reduced protein content on performance and health status.
Materials and methods

Animals and design
Trial I. This trial was carried out at the Swine Research Station in Hyvinkää. A total of twenty-four new-born litters of L-, Y-and L*Y crossbred sows, comprising 7 or more piglets, were allotted to two treatments of twelve replicates each. Litters from sisters or closely related sows were allocated to different treatments, and litters were from both gilts and multiparous sows.
The piglets were accustomed to the experimental diets from one week of age, and had free access to the diets from two weeks to the end of the trial at eight weeks of age. The feeds were offered in self-feeders. Water was provided through nipples and available continuously.
The piglets were weaned at 5 weeks by removing the sow from the farrowing pen, in which piglets stayed until the end of the trial. twice a day (0800 and 1500 hours) in a trough according to general feeding recommendations based on energy requirements of growing slaughter pigs (Salo et ai., 1982) . Average daily feed intake was 2.2 kg per pig. Daily feed allowances were corrected weekly according to average per live weights. Water was provided through nipples (one per pen) and available one hour after each feeding.
The replicates were allotted to two similar, automatically air-conditioned enclosed departments and penned in the same type of pens as in trial 2. The feeding troughs, facing the central passage, provided 30 cm space per pig. The experimental diets were fed from 30 kg LW to slaughter. Prior to the experimental period, all pigs were offered the same diet containing 17 % CP and 50 ppm carbadox (Mecadox).
Treatments
All diets were formulated to meet the nutritional requirements of weaned piglets (trial 1 and 2) and growing pigs (trial 3). The piglet feeds were crumbled and the pig feed was pelleted. L-lysine was added as the monohydrochloride. L-threonine and DL-methionine were added in pure crystalline form.
Trial I. The diets were formulated to contain different amounts of crude protein (CP) and the same amounts of lysine and threonine. Soybean meal (SBM) and fish meal were substituted with barley to reduce CP content in diet 2. L-lysine and L-threonine were added to diet 2 and both diets were medicated with carbadox (Mecadox). The CP content of diet 1 and 2 was 20.0 and 18.3 %, respectively. The composition of the diets is shown in table 1.
Trial 2. The diets were formulated to contain different amounts of crude protein with the same amounts of lysine, methionine and threonine. The CP content of the diets were 18.3 and 16.7 % for treatment 1 and 2, respectively. Different amounts of L-lysine was added to the diets. In addition, DL-methionine and L-threonine were added to diet 2, in which SBM was substituted with barley to reduce the Trial 3. The diets were formulated to contain different amounts of crude protein with the same amounts of lysine, methionine and threonine. CP content of diet 1 and 2 was 17.0 and 15.5 %, respectively. In diet 2, SBM was substituted with barley to reduce the CP content. L-lysine and DL-methionine were added to both diets and L-threonine only to diet 2. The composition of the diets is shown in table 1.
Measurements
Trial I. Piglets were individually weighed at birth, at weaning and at the end of the trial.
Feed consumption, mortalities and the occurranee and severity of diarrhoea (scale of severity in table 4) were recorded. Scouring piglets were treated with antibiotics.
Trial 2. The piglets were individually weighed at the beginning and at the end of the trial. The feeders were refilled once a day according to feed consumption and the amounts consumed were recorded.
During the trial, the health status of the piglets was monitored and in case of diarrhoea, affected piglets were treated with an antibiotic (Orimysin). Trial 3. All pigs were weighed at the beginning of the experiment and then at 14-day intervals up to an average LW of 70 kg. After that, pigs were weighed once a week and animals exceeding 102 kg LW were slaughtered the following day. Slaughter weights and 
Trial I
Performance results are shown in table 3. There were no significant differences in performance between treatments. Piglets on treatment 2 had equal LW at 5 and 8 weeks, a slight non-significant higher DWG and equal feed intakes than piglets on treatment 1. Feed utilization was equal on both treatments. Thus, energy utilization (FU/kg gain) was not affected by the amino acid addition, in contrast with the results of Eggum et al. (1985 b) .
The availability of added industrial amino acids has been considered to be 100 % (Hankahan, 1987; Madsen and Mortensen, 1977; Huisman et al., 1985) . Results from several trials, however, imply lower values for added amino acids than for protein-bound ones (Eggum et al., 1985 a; Jorgensen and Fernandez, 1987 ). Increasing the frequency of feeding from one to two or more times per day improved availability of added amino acids (Batterham, 1974; Batterham and O'Neill, 1978; Partridge et al., 1985; Buraczewska and Buraczewski, 1980) . Leibholz et al. (1985) 98-99 % for M C-L-methionine. There are also results indicating that added lysine was more efficiently utilized by pigs than natural lysine (Fuller et al. 1986; Hankahan, 1987) .
The results from this trial indicate that the utilization of the added amino acids was equal to that of the protein-bound ones. In spite of a lower CP content, diet 2 provided sufficient amounts of essential amino acids and non-essential nitrogen to achieve equal performance to diet 1.
According to the diarrhoea index and mortality percentage, the health status of piglets on treatment 2 was considerably better than of those on treatment 1. Two litters on treatment 1 and none on treatment 2 were medicated due to diarrhoea (table 4). Nielsen et al. (1984) and Eggum et al. (1985 a, b ) also reported a decreased incidence of diarrhoea of piglets fed low protein, amino acid fortified diets. However, the reductions in CP content were greater than in this trial.
Reducing the SBM content in the feed per se may improve the health status of piglets, while it has been shown that SBM can give similar responses to E. Coli in the small intestine regarding the secretion/absorption balance (Nabuurs and Hoogendoorn, 1985) .
Furthermore, raffinose, which is abundant in SBM, is poorly hydrolyzed in the small intestine of the piglet. Consequently, on SBM based diets, substantial amounts of this laxative trisaccharide (galactose + sucrose) will arrive in the large intestine causing looser stools (Katz et al. 1973) or fermentation diarrhoea in a similar way as when large amounts of sucrase are fed to young pigs (Just, 1983) . The reduction in the incidence of diarrhoea may also be due to a reduced antigenicity of the diet (Miller et al., 1986 b and Bertschinger et al., 1986) .
Trial 2
There were no differences in performance between treatments during the 3 week period (table 5) . Piglets on treatment 2 had slightly higher LW throughout the trial. Feed intake was the same on both treatments. Piglets on treatment 1 were treated on three occations and on treatment 2 on two occations due to diarrhoea. As in trial 1, the results indicate that despite a lower dietary protein concentration, diet 2 provided sufficient amounts of amino acids to achieve the same performance as diet 1. Moreover, the utilization of the added free amino acids seems to be equal to that of the protein-bound ones.
The pH values of the diets measured during one hour are plotted in figure 1. The natural (values at 0 minutes) pH of diet 1 was 0.17 Exess protein is catabolized and the nitrogen is excreted in the urea. The formation of 1 mol urea requires 4 mol ATP and the synthesis of 1 mol ATP requires 85 kJ metabolizable energy. However, on experimental basis, Shiemann et al. (1971) and Just (1982) estimated the energy cost of urea synthesis and excretion to be much higher showing that protein is a poor source of energy, and should not therefore be provided in surplus.
Pigs on treatment 2 had 6°Jo higher DWG and consumed 2 % less feed than pigs on treatment 1 (table 6) . Consequently, feed utilization was improved on treatment 2. However, none of the performance parameters was significantly different between treatments (p>0.05), but there was a tendency (p<0.07) to higher DWG on treatment 2. Pigs on treatment 2 consumed 0.44 kg protein per kg gain resulting in a 12 % improvement in protein utilization compared to pigs on treatment 1. tively. During the finishing period, pigs fed the amino acid fortified diets had significantly lower feed : gain ratios, which shows the energy sparing effect of feeding balanced protein. Also carcass quality was improved on the low-protein diets.
Pigs on barley-SBM based high protein diets had higher weight gains and lower food : gain ratios than pigs fed low protein, lysine supplemented diets (Fuller et al., 1986) . The reductions in live weight gain and increases in food : gain ratio in response to reducing lysine concentration, however, were greater with soya meal than with free lysine. When feeding growing pigs with barley-SBM based diets, containing equal (diet 1 and 2) or decreased amounts (20 and 40 % less in diets 3 and 4, respectively) of SBM and adding synthetic lysine and methionine to diet 2, 3 and 4, Madsen and Mortensen (1987) did not find any difference in performance of pigs up to 90 kg LW between treatments. Up to 50 kg LW, however, pigs on treatment 4 had significantly lower DWG than pigs on treatments 1 and 2. Diet 2 had higher lysine content than the other diets, which were isolysinic. In the present trial, SBM content of diet 2 was reduced with 36 %.
Equal performance of growing pigs has also been reported by Easter and Baker (1983) , Russell et al. (1983) and Hanrahan (1987) when low protein diets were fortified with synthetic amino acids to achieve levels equivalent to those in the corresponding high protein control diets.
Carcass quality was markedly better on treatment 2, resulting in 58.3 % of the carcasses beeing classified as E+ carcasses. On treatment 1, only 33.3 % of the carcasses were classified in the E+ category. Hanrahan (1987) reported less P2-backfat for pigs on lysine fortified diets than on isolysinic, SBM based diets. The reduction in backfat was not significant. According to Eggum et al. (1985 b) , higher RPE (retained protein energy) values result in leaner pigs and higher DWG.
Health status was good on both treatments. Feed was withdrawn ten times on treatment 1 and five times on treatment 2 due to digestive upsets and/or feed refusals.
